Santa Cruz County, Arizona
DIRM and Map
Modernization Project

TDN Section 4 — Hydrology

June 8, 2007




Santa Cruz County
DIRM and Map Modernization Project

Table of Contents

SECTION 4: HYDROLOGY ... ccriresctinisset s e rmssr s s sssses sassssesssansee nssnsssevsssamessns 1
4.1 Method Description ... i rssse s s s rn s s ae s e seins 1
4.1.1 Limited Detailed Study REAChES .........ooiiiiiiiiiie e 1
4.1.2 Detailed Study ReaCRES .. .ccvii i 2
4.2 Parameter EStimation ...t enerrr s e e s s 2
4.2.1 Drainage Area Boundaries .........ccvciccvriiieei e 3
4.2.2 Watershed WOrk Maps......ooo e, 3
423 Gage Data...oo oo
4.2.4 Statistical Parameters ... 4
4.2.5 Precipitation ... 4
4.2.6 Physical Parameters ... e 5
4.2.6.1 RaINTaAll LOSSES . ittt 5
4.2.6.2 Unit Hydrograph . ... e 5
4.2.6.3 Channel ROULING . ..., 7

4.3 Problems Encountered During the Study ... eeeens 7
4.3.1 Modeling Warning and Error MeSSages ..........ccc.ccooviiiiiiieee e, 7
4.4 CaliBration ... e e et e e b s e a e 8
4.5 FINAl ReSUIS ... rrsersrr i creneerere s s e s s s asaae e s ses s e nan e e sk seanae 8
L - =T = 4T o = O T 9

APPENDICES

Appendix A Peak Discharge Summaries
Appendix B Watershed Maps for Detail Study Reaches
Appendix C HEC-1 Models (CD)




SECTION 4: HYDROLOGY

4.1

Method Description

The hydrologic methodology employed for the overall study was separated into

two groups: limited detailed study reaches and their associated contributing

watersheds and detailed study reaches and their associated contributing

watersheds. Peak discharges for the 100-year event were determined for each

stream reach. Additional discharges for the 10-, 50- and 500-year storm events

were determined for detail study streams which have multiple profiles in the

existing Flood Insurance Studies (FIS) for Santa Cruz County, Arizona (FEMA,
August 23, 2000) and the City of Nogales, Arizona (FEMA, October 15, 1980).

4.1.1

Limited Detailed Study Reaches

Peak discharges for limited detail study reaches, with the exception of
Puerto Canyon, were determined utilizing USGS regional regression
equations (USGS) and Arizona Department of Water Resources State
Standard (5S) 02-96 (ADWR) for Region 13, multiplied by a factor of 1.6.
Experience indicated that regional regression equations alone produce
low values for peak discharges in Santa Cruz County. This phenomenon
is attributed to a lack of an adequate sample of gaged streams in Santa
Cruz County. In addition, the average standard error for 100-year peak
discharges determined by the regression equation is +48 %. The factor
was determined based upon a comparison of peak discharges determined
by HEC modeling developed for two (2) watersheds within Santa Cruz
County and peak discharges determined by Pima County methodology for
three (3) representative watersheds of variable area in Santa Cruz
County. The 100-year peak discharge for Puerto Canyon was determined
from a previous study, utilizing HEC-1 (C.L. Williams). Peak flows for
limited detail streams within a detail study watershed were determined

utilizing the following HEC-1 methodology.



4.2

4,1.2 Detailed Study Reaches
Peak discharges for detailed study streams with the exception of Nogales
Wash (Potrero Creek) and the Santa Cruz River, were determined utilizing
HEC-1. The physical processes were determined by the following

components.

+ Rainfall - NOAA Atlas 14

¢ Rainfall Distribution — Hypothetical

s Rainfall Losses — Green and Ampt

+ Rainfall Transformation — Clark Unit Hydrograph

+ Rainfall Translation — Modified Puls

These components are consistent with the Hydrologic Modeling
Guidelines State Standard (SS10-07) developed by the Arizona
Department of Water Resources State Standards Work Group.

Peak discharges for Portero Creek and Nogales Wash (including the
portion downstream of the confluence with Potrero Creek, which is
currently called Potrero Creek) and the Santa Cruz River were determined
from US Army Corps of Engineers 2001 and 2003 studies (see

References).

Parameter Estimation
Contributing watershed area is the only hydrologic parameter required for the
limited detail reaches. This is the only parameter required for the Region 13

Regression Equation used for this study group.

The estimation of hydrologic parameters for the detailed reaches was performed

in accordance with guidelines provided within SS10-07.



4.2.1

Drainage Area Boundaries
The limits of the overall study area are generally those regions contributing
runoff to the Santa Cruz River which drains north into Pima County. One
study stream, Lyle Canyon drains east into Cochise County. In general, the
majority of those regions contributing runoff to the Santa Cruz River are
located within Santa Cruz County Nogales Wash, and Ephriam Canyon
Wash have headwaters in Sonora, Mexico; south of Santa Cruz County.
The Santa Cruz Rivers has headwaters in eastern Santa Cruz County,
however the stream drains south into Mexico and reenters Santa Cruz
County east of Nogales. Nearly 75 percent of the region that contributes

runoff to Sopori Wash is located within the eastern portion of Pima County.

The total watershed area evaluated under this study, excluding the Santa
Cruz River and Nogales Wash watersheds is approximately 750 square
miles. Of the total area evaluated, nearly 677 square miles is accounted for

within the detailed study reach group.

Watershed characteristics vary throughout the study areas and can be
segmented into two broad general characteristics: steep and shallow
watersheds. Steep watersheds are those with the majority of the hydraulic
flow path (often called the Tc Path) having slopes greater than 200 feet per
mile. Shallow watersheds have a majority of the Tc Path(s) with a slope less
than 200 feet per mile. Vegetative coverage for both of these types of
systems tends to be within a range of 20-40 percent. Soil types are

predominately sandy loam.

4.2.2 Watershed Work Maps

Work maps were developed using LIDAR point data developed for this
project and 7.5-minute quadrangles as published by the United States

Geological Survey. Watershed maps for Detail streams are shown in



Appendix B.

4.2.3 Gage Data

4.2.4

4.2.5

Gage data is limited within the study area, and the reliability of associated
statistical 100-year peak discharges values are "uncertain, and potential
errors are large” (Pope). One gage, Sopori Wash at Amando, Arizona
(09481750), has been inactive since 1978 and the length of recorded data
is only 30 years. The estimate of the peak discharge, during the 100-year
event, is 17,100 (Pope). A gage on Sonoita Creek near Patagonia
(09481500) has records for 1930-72, 1978 and 1984. The estimate for 100-
year peak discharge is 15,100 cfs. The 100-year peak discharge for
Calabasas Canyon near Nogales, Arizona (09481700) is 2540 cfs. for
records from 1963-76 and 1978. Gages for the Santa Cruz River were

considered within the Corps study.

Statistical Parameters
n general there are no significant periods of rainfall and stream flow

available.

Precipitation

Precipitation data for the centroid of the watershed was obtained from the
National Oceanic & Atmospheric Administration data server which utilizes
NOAA Atlas 14 data applicable to Arizona (NOAA). In accordance with
SS10-07 guidance, a hypothetical storm is developed in HEC-1 based on
the storm duration, reduction factor, area of the specific watershed, and

Depth-Duration-Frequency (DDF) data.

No comparison of the hypothetical rainfall pattern to rainfall patterns on

record or by other hydrologic study was performed given the lack of



4.2.6

available information.

Physical Parameters

4.2.6.1 Rainfall Losses

Rainfall loss methodology consists of an estimation of surface retention
(1A) based on land use type(s) and rainfall infiltration losses by the Green-
Ampt loss equation. Surface retention loss values are based on land use

conditions (e.g., rangeland, mountain, hillside, developed...etc.).

Soil horizon information was obtained through review of the Natural
Resources Conservation Service Soil Surveys (NRCS, 1979 and 1993).
L.and use conditions were obtained by the USGSS Gap Analysis (USGS
2005).

Green-Ampt equation parameters are estimated as a function of soil
texture. Parameters consist of porosity (DTHETA), saturated hydraulic
conductivity (XKSAT), and the wetting front soil suction head (PSIF).
Hydraulic conductivity is adjusted based on vegetative ground cover.
Typical values for these parameters are provided within the ADOT
guidelines. Hydrologic modeling also took into consideration the percent
of impervious area due to land use types. Impervious regions are those
regions that have no rainfall losses (RTIMP). Values of impervious areas,
soil characteristics, and vegetative coverage were taken from several

references along with field investigation.



4.2.6.2 Unit Hydrograph

S5510-07 methodology utilizes the Clark Unit Hydrograph. The unit
hydrograph is solely based on physical basin parameters as shown in the

following equations.

T,=24A% 0% 025 g02 (Desert/Mountain, $310-07, eq. 3.2 )
To=32 A" L% 1% 8" RTIMP® (Urban, SS10-07, eq. 3.4)
Where;

T.— Time of Concentration in hours

A~ Areain square miles

L — Length of the flow path to the hydraulically most distance
point in miles

Lea— Length along L to a point opposite the centroid in miles

S— Average slope of L in feet per mile, adjusted per FCDMC
methodology

RTIMP effective impervious area, in percent.

A storage coefficient is also computed and is a Clark Unit Hydrograph
parameter that relates the effects of direct storage in the watershed to unit
hydrograph shape.

R=037 7T, " a0e7 080 (8810-07 eq. 3.5)

Where,

R is in hours and the variables are as defined for the T, equations.

The time-area relation is a graphical unit hydrographic parameter that

specifies the accumulated area of the watershed that is contributing runoff



to the outlet of the watershed at any time. The ADOT Dimensionless
Synthetic Time-Area Relations as specified in $$10-07 were utilized.

Per §510-07 guidelines, the hydrograph duration, used for modeling was
the 3-hour, 8-hour or 24-hour period, based on the Time of Concentration

(Tc) for the entire stream watershed under consideration.

4.6.2.3 Channel Routing

The Modified-Puls methodology was employed for channel routing.

4.3 Problems Encountered During the Study

No problems were encountered during the analyses,

4.3.1 Modeling Warning and Error Messages

No errors were encountered during the analysis.

Warning messages were encountered during channel routing operations for
several concentration points within each hydrologic model (i.e., HEC-1). The

following is an example of the warning message encountered.

FEA WARNING *** MODIFIED PULS ROUTING MAY BE NUMERICALLY UNSTABLE
FOR OUTFLCWS BETWEEN 0. TO 1005672. THE ROUTED HYDROGRAPH SHOULD
BE EXAMINED FOR OSCILLATIONS OR CUTFLOWS GREATER THAN PEAK INFLOWS.
THIS CAN BE CORRECTED RY DECREASING THE TIME INTERVAL OR INCREASING
STORAGE {USE A LONGER REACH.)

A close examination of each routed hydrograph found that no unusual
irregularities or oscillations occurred, therefore, no solution or additional

steps appeared warranted.



4.4

4.5

Calibration
Once modeling results were obtained and reviewed calibration of the models were
not performed given the limited information (e.g., gage data, previous FEMA or

other hydrologic studies) available for this region.

Final Results
A summary of the peak discharges for the limited detail and detail streams in
included in Appendix A. HEC-1 input and output data for detail streams is
provided on CD in Appendix C.
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APPENDIX A

Peak Discharge Summaries
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APPENDIX B

‘Watershed Maps
For Detail Study Reaches



APPENDIX C
HEC-1 Models



HEC-1 MODELS

T00YR 500YR BOYR 10YR
Stream
Reach Input | Output
Agua Fria | AGUATOOYR | AGUABOOYR | AGUABOYR | AGUATOYR | JH1 | .OH1
%Zi’;ir: EPH100YR | EPH500YR | EPH50YR | EPH500YR | .DAT | .OUT
J%Zen%’gge JOS100YR JOSB00YR | JOS50YR | JOS10YR | DAT | .oUT
Lyle LY100YR LY500YR LY50YR LY1OYR | .DAT | .ouUT
Canyon
Peck
Convan PEC100YR | PEC500YR | PEC50YR | PEC10YR | IH1 | OHA
Sé’r”e‘z;‘(a SON100FINAL | SONS0OFINAL | SONSOFINAL | SON1OFINAL | .DAT | .OUT
Sopori SOP100YRS | SOP500YRS | SOP50YRS | SOP1OYRS | H1 | .OHA

Wash




